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SAFE FLIGHT I N  ROUGH AIR 
By Ph i l ip  Donely 
.- 
If we w i l l  pay the  cost ,  a reas  o f  severe turbulence can be safely 
penetrated by a i r c r a f t  on an a lmost  routine basis .  This has been shown 
by the many special  projects  t h a t  have been car r ied  out over past  years 
t o  inves t iga te  severe weather phenomena. Since we build a i r c r a f t  t o  
perform a useful  mi l i ta ry  or c i v i l  function, we quickly f ind  t h a t  an 
airplane designed on t h e  bas i s  o f  complete disregard f o r  t h e  weather 
ahead i s  of l i t t l e  or no value so  far as i t s  basic  mission i s  concerned. 
Common sense d i c t a t e s  t h a t  we f o l l o w  t h e  a l t e rna te  approach of evasion 
and avoidance o f  turbulence when possible. 
f o r  t he  expected envFronment for t h e  par t icu lar  mission and the  continuing 
question which i s  judged by experience i s :  
degree o f  capabi l i ty  i n  rough air  or properly ant ic ipated the  new 
problems o f  rough a i r  f l i g h t ?  
Design, therefore,  accounts 
Have we provided the  proper 
L e t  us f i r s t  take a look a t  what has been done when the  prime require-  
ment w a s  safe  f l i g h t  i n  severe t o  extreme rough a i r .  
t o  evaluate the  charac te r i s t ics  o f  storms (which s t a r t ed  with the  XC-35 
p ro jec t  i n  1941) we have u t i l i z e d  a l l  of  ou r  special ized knowledge a t  
the  time o f  t h e  project t o  insure safe f l i g h t .  The highl ights  can be 
summarized as: 
I n  these  s tud ies  
( 2 )  Specially selected and t ra ined  f l i g h t  crews. 
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(3) 
( 4 )  
(5)  
Optimized s t a b i l i t y  and f ly ing  qua l i t l e s .  
Reserved airspace as t o  a rea  and a l t i t ude .  
Special ground* support such as radar o r  meteorological 
services  for  guidance and assistance.  
( 6 )  Specif ic  f l i g h t  conditions for penetration a s  t o  speed, 
trim, and control manipulation. 
The average operational p i l o t  would enjoy f l i g h t  with t h i s  much individual 
a t t en t ion  and it might be noted t h a t  i n  t h e  more recent  pro jec ts ,  it has 
not always been easy t o  come by t h e  reserved airspace or t he  spec ia l  
support. O f  par t icular  importance, i n  our opinion, i s  the  f a c t  that during 
the  f l i g h t  t h e  research p i l o t  can concentrate on t h e  s ingle  object ive o f  
rough a i r  penetration. I n  contrast ,  i f  we consider t he  operat ional  
approach and environment, t h e  object ive i s  t o  avoid rough a i r  by a l l  means 
a t  t he  mi l i t a ry  o r  c i v i l  opera tor ' s  command whenever feasible .  
of forecasts ,  p i l o t s '  r epor t s ,  and radar a r e  a l l  aimed a t  avoidance o f  t he  
problem. 
The use 
When turbulence i s  t o  be encountered or i s  encountered, l e t  us see 
w h a t  t h e  operational crews face i n  contrast  to  t h e  special  t e s t  crews: 
(1) An airplane whose strength and charac te r i s t ics  a r e  
defined by i t s  operat ional  mission. 
has done a good job here h t ,  nevertheless, t he  ai rplane i s  not 
o p t h i z e d  t o  rough a i r  i l i g h t .  
Crews a r e  t ra ined  and selected t o  have t h e i r  prime 
Evidence i s  t h a t  t h e  industry 
( 2 )  
competence i n  the  day-to-day mission. 
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(3) S t a b i l i t y  and flying qua l i t i e s  a r e  adjusted t o  t h e  
ove ra l l  requirements of t h e  mission. 
(4)  
(5) 
Rationed airspace, par t i cu la r ly  under LFR conditions. 
No special  services  f r o m  the  ground aimed only a t  
t h e i r  par t icu lar  f l i g h t .  
(6 )  Flight  conditions controlled t o  some degree by 
t r a f f i c  control and the  route r e s t r i c t i o n s  of  modern airspace.  
We cannot go in to  d e t a i l  on what is  meant by each phrase, but I believe 
it w i l l  be apparent t h a t  t he  operational a i r  crew, be it mi l i ta ry  or 
c i v i l ,  tends t o  have many f ac to r s  cal l ing f o r  t h e i r  a t ten t ion ,  resu l t ing  
i n  an increased workload i n  rough air. 
the  rough a i r ,  but other t r a f f i c ,  and t h e i r  navigation. It i s  f e l t ,  
therefore ,  that f o r  penetrat ion o f  a given atmospheric s i tua t ion ,  the 
chance of mistake on the  par t  o f  t he  average aircrew i s  considerably 
higher than f o r  the  special  research team and t h e  forgiveness of t h e  
system becomes o f  prime importance. 
They not only have t o  worry about 
The question i s ,  o f  course: I s  t h e  r i s k  s ign i f icant ly  higher consider- 
ing the  reduced exposlre to the hazard, and, i f  so ,  w h a t  can be done? 
To answer the  f irst  par t  o f  t h e  question, there  i s  t h e  f ee l ing  t h a t  events 
ind ica te  a s igni f icant  trend toward increasing incidents ,  par t icu lar ly  
with ou r  increasingly complex f l i g h t  environment but t ha t  there  i s  s t i l l  
time t o  modify the  s i t ua t ion  i n  t i e  futm=e.  
can say that work w i l l  be required i n  a t  l e a s t  four a reas  a s  t o  t h e i r  
impact on safe  f l i g h t :  a i rplane and instrument charac te r i s t ics ,  crew 
t r a in ing ,  a i r  t r a f f i c  control,  and turbulence detection and forecasting. 
As ts x h ~ t  czr? he &ne: we 
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I n  this respect ,  a major problem i s  establ ishing t h e  i n t e r r e l a t i o n  of 
such elements as a i r  t r a f f i c  control and f l i g h t  i n  rough a i r .  
Steps,have been taken by all segmentis of industry t o  stand back 
and review the  elements o f  safe  f l i gh t  i n  rough a i r  and what they 
believe a r e  the  s ign i f icant  factors .  This i s  being done by NASA, FAA, 
USAF, Army, N a v y ,  ATA, t he  a i r l i n e s ,  and the  manufacturers. I can not 
speak f o r  t h e  various organizations, but from m y  own experience and 
background I f ind t h a t  the  deficiencies t h a t  e x i s t  a r e ,  i n  pa r t ,  due t o  
a lack o f  appreciation o f  t h e  whole environment o f  modern a i r c r a f t  which 
i s  d i f f i c u l t  f o r  one group t o  encompass. 
our own paths,  touching base with other groups through committees o r  
special  invest igat ions.  
contacts a f f e c t  OUT long-range plans but do not, i n  general, change o u r  
immediate course o r  acce lera te  o u r  e f fo r t s .  
a l l  segments of  t he  industry.  
o f  e f fec t ive  operations is t h e  integrat ion of  t h e  lmowledge of a l l  groups 
t o  form a base fcrstudy and a mechanism f o r  implementing the  r e s u l t s  obtained. 
We have a tendency t o  follow 
Unless some fee l ing  o f  urgency i s  created,  these 
I n  a sense, t h i s  appl ies  t o  
I n  conclusion, one of t he  major problems 
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